v" A prospective study was conducted to validate the retrospective finding that adolescents (11 to 15 years old) with skull fractures were prone to develop acute traumatic intracranial hematoma (ICH). Over a 4-year period, 1178 consecutive adolescents attended the emergency room directly, of whom 760 were discharged well and 418 were admitted. All underwent skull x-ray studies. Immediate computerized tomography (CT) scans were performed in patients with Glasgow Coma Scale (GCS) scores of less than 15, in those with radiological and/or clinical evidence of skull fracture, and whenever clinically indicated. Of the 418 admitted patients, only 26 had skull fractures; 13 of these developed ICH. Four patients without skull fracture developed diffuse brain swelling. The remaining 401 patients were discharged after observation periods of up to 48 hours. Of the 13 patients with ICH, 10 had admission GCS scores of 15; however, four deteriorated rapidly and required urgent operation, and four remained stable but were operated on due to their large ICH. Two required conservative treatment only and both made good recovery. Three patients were in coma (GCS score _< 8) on admission. One patient had an epidural hematoma and made good recovery after surgery. Two developed delayed ICH after operations for associated systemic injuries despite initial CT showing diffuse brain swelling only, and both died despite evacuation of the ICH. Multivariate analysis showed that skull fracture was the only independent significant risk factor in predicting ICH in adolescents (sensitivity of 100% and specificity of 97%). A routine skull x-ray study is therefore mandatory in all head-injured adolescents and, if a skull fracture is detected, immediate CT may be performed for early detection of ICH.
M
ANY previous studies on head injuries have emphasized that a traumatic intracranial hematoma (ICH) seldom develops in the absence of a skull fracture except in children. 8'23'z4'32 However, the majority of these reports regarded children as a single homogeneous group. In a previous retrospective study of 12 ,072 children, 2~ analysis performed in relation to different stages of skull bone development showed that skull fracture became increasingly significant with the child's age in predicting ICH. In particular, adolescents within the age range of 11 to 15 years were found to be more prone to develop ICH: one of every three adolescents with skull fracture developed symptomatic ICH. 2~ Adolescents apparently form a distinct group of patients for the development of posttraumatic ICH. We, therefore, conducted a prospective study of this group of patients (1 1 to 15 years old) to see if skull fracture was indeed associated with a higher incidence of acute ICH. At the same time, we took the opportunity to determine if there were any other risk factors that might predict the development of ICH.
Clinical Material and Methods
Between January, 1985, and December, 1988, all adolescents aged 11 to 15 years who attended the Accident and Emergency (A & E) Department at Queen Mary Hospital were included in this study. Queen Mary Hospital is the only hospital with a neurosurgical service on Hong Kong Island, which has an area of 20 square miles and serves a population of approximately two million people. Patients referred from other hospitals for the management of head injuries were excluded. All patients had skull x-ray films obtained in the anteroposterior, lateral, and Towne view. All x-ray films were initially interpreted by casualty medical officers and subsequently reviewed by radiologists. All patients who required admission were directly admitted to neurosurgical wards. Admission criteria were: 1 ) any impairment of consciousness level, assessed according to the Glasgow Coma Scale (GCS); 2) presence of skull fracture detected radiologically and/or suspected clinically, including clinical signs and symptoms of fracture at the base of the skull; 3) presence of associated injuries; 4) development of posttraumatic epilepsy; 5) presence of neurological signs; 6) history of loss of consciousness; 7) occurrence of headache and vomiting; 8) presence of scalp lacerations requiring surgical toilet and suturing; and 9) patients under the influence of drugs or alcohol. All other patients were discharged home and were asked to report back if they developed any symptoms or signs. Their progress was assessed subsequently by telephone interview within 1 week of their discharge from the A & E Department.
After admission, neurological assessments were repeated after necessary resuscitation and the following groups of patients were subjected to immediate computerized tomography (CT): 1) those with any impairment of consciousness (GCS score < 15); 2) those with radiological and/or clinical evidence of skull fracture; and 3) whenever clinically indicated. After CT, patients with no abnormalities were discharged home after 48 hours of observation. Patients with small, insignificant ICH who remained asymptomatic were discharged home after serial CT documentation of resolution of their lesions. However, if any patient became symptomatic during the observation period, CT was repeated and the pathology was treated appropriately. Patients who showed a large ICH on CT were subjected to immediate craniotomy.
All other patients were observed in the wards for at least 24 hours and CT was performed only if clinically indicated. All patients who were discharged from the hospital were followed up at regular 3-month intervals. Those who died underwent postmortem examination. Final outcome of the survivors was assessed according to the Glasgow Outcome Scale. '4 The endpoint of the 
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analysis was development of acute ICH within 48 hours of injury. Clinical and radiological data were collected prospectively for all hospitalized patients. Fisher's exact test was used to identify" the risk factors that were significant in predicting development of ICH. Logistic regression analysis was then used to identify risk factors which were of independent significance. Statistical significance was taken at the 5% level.
Results
During the 4-year study period, 1178 consecutive adolescents attended the A & E Department: 418 were admitted and 760 were discharged well. Table 1 shows their modes of injury. During the period of this study, no skull fractures were missed by medical officers at the A & E Department. The mean duration between injury and admission was 5.6 hours (range 0.5 to 72 hours). Details of the variables of the 418 patients who were admitted are given in Table 2 . Acute ICH devel- Table 3 . All of these 13 patients had skull fractures and 10 were conscious on admission (GCS score of 15). Of the 10 conscious patients, four (Cases 2 to 5) deteriorated rapidly soon after C T a n d were operated on promptly, four (Cases 1 a n d 6 to 8) r e m a i n e d stable but were operated on due to the large size of ICH (Fig. 1) , and two were treated conservatively because of their small ICH: a 2-ram sheet of subdural h e m a t o m a in one (Fig.  2) and a 2-cm intracerebral h e m a t o m a in the other. Three patients with ICH were in coma on admission;
one had an epidural h e m a t o m a a n d two developed delayed ICH after operations for associated injuries (debridement for c o m p o u n d fracture of femur in Case 12 and splenectomy in Case 13). Both patients with delayed ICH had w e l l -d o c u m e n t e d episodes of hypovolemic shock requiring fluid a n d blood transfusions. Despite initial CT scans showing only diffuse brain swelling, both deteriorated after their surgery for n o nneurosurgical conditions; in both, C T scans at the time of deterioration showed a large I C H (Fig. 3) . Four patients without fractures developed diffuse brain swelling and one of them with an admission GCS score of 3 died from concomitant multiple injury involving the chest and abdomen. Of the other three, one was fully conscious on admission but deteriorated later, and two had GCS scores of 8 or less. All three patients eventually made good recovery. Of the 418 patients who were admitted for observation, 401 were discharged after 24 hours.
Univariate analysis of eight possible risk factors revealed three significant risk factors in predicting development of ICH: GCS score on admission, skull fracture, and loss of consciousness (Table 2) . Multivariate analysis using the logistic regression model revealed skull fracture as the only independent significant risk factor in predicting ICH, with a sensitivity of I00% and specificity of 97% (coefficient 10.203, standard error 8.306).
Discussion
The incidence of serious neurosurgical complications after head injury is highly variable and depends upon the overall severity of injury. Thus, patients with severe head injury (GCS scores _ 8) have a higher incidence of intracranial complications, 26.28 and most patients with minor head injury (GCS scores of 15) eventually make a complete recovery. Only a small number of them subsequently deteriorate due to the late development of ICH. 5 It is therefore prudent to identify risk factors for prediction of intracranial complications, especially ICH which are amenable to surgical treatment, among patients with head injury. Our previous analysis had shown that adolescents with skull fractures were at a higher risk of developing ICH. 2~ However, that analysis was retrospective, and other risk factors that might predict the development of acute posttraumatic ICH were not taken into consideration. In the present study these drawbacks were eliminated, and data of eight variables were collected prospectively ( Table 2 ). The results revealed that skull fracture was the only independent significant risk factor for the prediction of ICH, thus validating our retrospective findings.
Of the 13 patients with ICH, 10 had GCS scores of 15 at the time of presentation, giving an overall incidence of ICH due to head injury of 3.1%, which is comparable to the incidence of ICH after head injury in other reported series. 5'~5,25 Of the 10 patients, four had rapid deterioration of their consciousness level, and four were stable but had large ICH. All were promptly operated on and all made an excellent recovery with no neurological deficit of any kind. Thus, by routine CT scanning of all adolescents with skull fractures, we were able to detect eight patients with significant ICH before they showed neurological deficits. Early diagnosis and surgery in this group of patients was no doubt the main reason for their good recovery, despite the fact that the mortality and morbidity rate in adolescents is known to be higher than that in younger children. 6 The importance of early diagnosis, especially in those patients who suffer relatively minor head injury, and of prompt evacuation of ICH has been emphasized by others. ~'7 Based on our retrospective analysis and on this study, we have no hesitation in recommending that all headinjured adolescents should have skull x-ray studies performed irrespective of their level of consciousness in the emergency room. If a fracture is detected, immediate CT may be performed or the patient may be transferred to a neurosurgical center where CT scanning and neurosurgical expertise are available. This is counter to the suggestions of a number of recent reports on the value of skull x-ray examinations after head injury. 7'21'29'36 Their criteria for skull x-ray studies may apply to adults, but in adolescents we believe that routine skull x-ray examination to detect patients at risk is mandatory. Only through early diagnosis and prompt treatment may we approach zero mortality and morbidity in adolescents with head injury.
Two patients in this study presented with delayed ICH, and both had some common features: coma on admission, skull fracture, hypovolemic shock before operative treatment for associated systemic injuries, and initial CT showing brain swelling only. Subsequently, both deteriorated and repeat CT at the time of clinical deterioration showed delayed ICH. Both these patients died, apparently from their head injury, despite evacuation of the ICH. Although these patients had multiple injuries, their fatal outcome might be attributed, at least in part, to late detection of delayed ICH. Delayed ICH is notoriously associated with late diagnosis) ,~~ Comatose patients with multiple trauma, hypovolemic shock, and skull fracture therefore pose a major surgical problem, and they carry a higher risk of mortality and morbidity. The only thing that may help such patients is the awareness of the danger of this complication along with early diagnosis by repeat CT and prompt surgical intervention.
Other factors, such as level of consciousness and history of loss of consciousness, which were considered important in the prediction of ICH in adult headinjured patients, were found to play an insignificant role in the present study. 2'25 Thus, adolescents respond differently from adults when suffering head trauma. This interesting finding deserves further discussion. A recent multicenter study from the United States on skull x-ray examinations after head injury considered that children after the age of 10 years responded to trauma like adults. 21 Risk factors for prediction of ICH in head-injured adults should also, therefore, apply to adolescents. This is, however, contradictory to the results of the present study. The higher incidence of ICH in adolescents may be due to the fact that the adolescent skull bone is still undergoing developmental changes, especially at the time of puberty. Puberty normally takes place between the ages of 8 and 14 years (median 1 1 years), 16'31'33'35 therefore the anatomically adolescent skull is still different from the adult skull and it still has not achieved the thickness and hence the toughness of the adult skull, z~ The higher incidence of epidural hematomas in our present study (a finding also observed in our retrospective study as well as in studies from the United States and the United Kingdom 15,19) further supports the view that adolescents react differently to head trauma compared to adults.
The higher incidence of epidural hematomas in our study may have been caused by a focal impact type of injury, like falls, falling objects, and sports injuries (Table 1) . Focal impact injuries were also common in our entire study population, which is in agreement with the results reported by Luerssen, et al. 19 Focal impact injuries are known to cause skull fractures with or without epidur,~l hematoma formation, but are rarely associated with diffuse brain dysfunction. 27 Although the actual duration of the lucid interval has not been properly documented, it has been stated that children with epidural hematomas without underlying brain damage have a longer lucid interval between injury and neurological deterioration than adults. 4,6,9,11-13,18.22.23,30,34 In our present study, the duration of lucid interval was well documented (Table 3 ). All these anatomical, clinical, and pathological findings apply welt to our seven fully conscious patients with epidural hematomas who required operations (Table 3) . These findings and observations may provide an explanation for the fact that adolescents form a distinct group with respect to development of posttraumatic ICH and why skull fracture is the only independent significant risk factor in predicting ICH in these patients.
In conclusion, adolescents with skull fracture are at a higher risk of developing acute ICH. Routine skull xray examination in the emergency room forms not only an integral part of the management of head-injured adolescents but it also helps the A & E Department physicians in their decisions whether to admit or transfer patients directly to neurosurgical wards. This is particularly important in places where a CT scanner is either not readily available or not available at all.
